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PREFACE 


This  \ slums*  ths  sscond  part  of  »  series  giving  data  for  dssign  against  acoustic 
fatigusi  has  bssn  prepared  in  ordsr  to  draw  togsthsr  ths  results  of  research  in 
acoustic  fatigue  and  to  present  then  in  a  form  directly  useable  in  aerospace  design* 
Future  work  in  this  aeries  will  deal  with  endurance  of  titanium  alloy  structures  under 
simulated  acoustic  loading*  near  field  compressor  noise  estimation*  stress  response  of 
box  and  control  surface  structures*  structural  damping  and  stress  response  of  skin- 
stringer  panels  with  stringers  of  relatively  low  flexural  stiffness* 

The  AOARO  Structures  and  Materials  Panel  has  for  many  yoars  been  active  in 
encouraging  and  coordinating  the  work  that  has  been  necessary  to  make  this  collection 
of  design  deta  possible  and  after  agreeing  on  procedures  for  the  acquisition*  analysis 
and  interpretation  of  the  reauisite  data*  work  on  this  series  of  design  data  sheets 
was  Initiated  in  197C. 

The  overall  management  of  th»  project  has  been  conducted  by  the  Working  C-^oup  on 
Acoustic  Fatigue  of  the  AGARD  Structures  and  Materials  Panel*  and  the  project  has  been 
financed  through  a  collective  fund  established  by  the  Nations  collaborating  in  the 
project*  namely  Canada*  France*  Germany*  Italy*  U*K*  and  U*S*  National  Coordinators 
appointed  by  each  country  have  provided  the  basic  data*  liaised  with  the  sources  of 
the  data*  and  provided  constructive  comment  on  draft  data  sheets*  These  Coordinators 
are  Dr  G*M*  Lindberg  (Canada)*  Mr  R*  Loubet  (France)*  Mr  G.  Bayerdorf-r  (Germany)* 
Gen*  4*  Griselli  (Italy)*  Mr  N.A*  Townsend  (U*K*)*  Mi  A*V.  Kolb  (U.S>)  and 
Mr  ?*F*  Rudder  (U*S*).  Staff  of  the  Engineering  Sciences  Data  Unit  Ltd*  London*  have 
analysed  the  basic  data  and  prepared  >■  '  edited  the  resultant  data  sheets  with  invalu¬ 

able  guidance  and  advice  from  the  Notx.nal  Coordinators  and  from  the  Acoustic  Fatigue 
Panel  of  the  Royal  Aeronautical  Society  which  has  the  following  constitution! 

Professor  B*L*  Clarkson  (Chairman)*  Mr  D*C*G*  Eaton*  Mr  J.A.  Hay*  Mr  W.T*  Kirkby* 

Mr  M* J*T*  Smith  and  Mr  N*A*  Townsend.  The  members  of  Staff  of  the  Engineering  Sciences 
Data  Unit  concerned  wltu  the  preparation  of  the  data  sheets  in  this  volume  arei 
Mr  A*O.R«  Thomson  (Executive*  Environmental  Projects)*  Dr  0*  Sen  Gupta  and 
Mr  R.F.  Lambert  (Environmental  Projects  Group). 

Data  sheets  based  on  this  AGARDograph  will  subsequently  be  issued  In  ths  Fatigue 
Series  of  Engineering  Sciences  Data  .ssued  by  ESDU  Ltd*  where  additions  and  amendments 
will  be  made  to  maintain  their  current  applicability* 


A.H.  Hall 
Chairman* 

Working  Group  on  Acoustic  Fatigue 
Structures  and  Materials  Panel 
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Section  X 

ENDURANCE  OP  ALUMINIUM  ALLOY  STRUCTURAL  ELEMENTS 
SUBJECTED  TO  SIMULATED  ACOUSTIC  LOADING 


1 • 1  Notation 


Srms 

root  mean  square  value  of  stress  at  a  reference 
position 

N/m2 

lbf/in 

Nr 

equivalent  endurance 

cycles 

cycles 

Notes 

This  Section  gives  the  results  of  fatigue  teets  on  aluminium  alloy  specimens , 
typical  of  aircraft  structural  components ,  excited  by  narrow  band  random  loading  to 
simulate  acoustic  fatigue  loading.  The  results  are  presented  in  the  form  of  curves 
of  Srna  against  K’r,  where  Srms  ie  the  root  mean  square  stress  of  the  stress-time 

function  and  Nr  is  taken  as  half  ths  number  of  zero  crossings  to  failure  of  the 

stress-time  function. 

Data  for  four  typos  of  specimen  are  presented)  l.e.  plain,  integrally-machined, 
riveted- skin  and  rib-flange  specimens .  The  data  are  for  specimens  tested  under 
reversed  bending  loading  which  produced  a  random  amplitude  stress  distribution  about 
a  zero  mean  stress.  The  materials  i>s»ed  are  identified  by  the  designation  given  in 
the  test  report,  and  the  material  type  and  the  equivalent  United  States  specification 
can  bo  identified  from  the  material  description  given  in  Appendix  1A. 

All  data  presented  are  for  aluminium-copper  al'oys.  Test  data  for  aluminium-zinc 
alloys  are  available  but  are  not  presented  because  their  crack  propagation  rate  is 
greater  than  for  aluminium-copper  alloys  rendering  them  less  suitable  for  use  in  an 
acoustic  environment.  The  lives  for  the  two  types  of  alloy  are  however  similar. 
Aluminium-zinc  alloys  that  are  given  a  two  stage  precipitation  heat  treatment  intended 
to  improve  their  resistance  to  crack  propagation  are  manufactured  but  acoustic  fatigue 
data  for  these  materials  are  not  yet  available. 

On  the  Figures  of  Srt  f  against  Np  for  the  various  types  of  construction, 

material  and  Jointing  compound,  the  teat  points  plotted  represent  mean  nominal 
stresses  over  the  areas  covered  by  the  strain  gauges.  In  the  absence  of  data  beyond 

q 

10  cycles  a  least-squares  fitted  straight  line  has  been  drawn  through  the  test  points. 

9 

It  is  expected  that  test  points  beyond  10  cycles  would  generally  lie  above  this  line. 
The  lines  drawn  through  the  test  data  are  given  for  guidance  only  and  should  not  be 
used  directly  for  design  because  when  estimating  life  due  account  should  be  taken  of 
scatter  in  test  data. 

Two  types  of  viscoelastic  Jointing  compound  were  used  in  the  riveted-skin  and  rib- 
flange  tests.  Using  type  1  Jointing  compound  there  was  no  strong  bond  between  mating 
surfaces, but  type  2  cor  >cund  created  a  strong  bond  between  the  mating  skin  and  flange 
surfaces,  lhe  effect  of  the  Jointing  compounds  on  the  position  of  failure  of  the 
riveted  skin  test  specimens  is  shown  in  Figures  1.14  and  1.15,  and  the  effect  on  the 
stress  distribution  across  the  skin  is  shown  in  Figure  1.16.  A  notable  feature  of  the 
effect  of  a  type  2  viscoelastic  Jointing  compound  on  a  test  specimen  having  a  sirgle 
row  of  skin  attachment  rivets  is  that  the  rivet  line  root  mean  square  stress  developed 
in  such  a  specimen  is  considerably  less  than  that  developed  in  specimens  having  dry 
Joints  or  Joints  with  type  1  Jointing  compound  for  the  same  level  of  input  force. 

A  comparison  of  S-N  curve  data  for  riveted-skin  specimens  with  and  without  the 
viscoelastic  Jointing  compounds  shows  that  the  endurance  is  little  affected  by  the 
Jointing  compound.  However,  apart  from  the  possible  redistribution  of  stress,  there 
is  an  advantage  in  using  a  viscoelastic  jointing  compound,  in  tnat  for  a  given 
exciting  force  the  stress  level  is  less  because  of  the  increase  in  damping. 

In  Figure  l.J  the  effect  of  surface  cladding  is  evident.  The  endurance  for  clad 
material  is  less  than  for  similar  material  in  the  unclad  state;  however,  this 
difference  is  greater  on  plain  specimens  that  on  notched  specimens,  and  is  further 
reduced  where  fretting  takes  place. 

The  range  of  response  frequei  ’les  for  the  rivet,  d-skin  and  rib-flange  tests  is 
indicated  on  the  Figures  of  S-N  data.  Over  the  range  of  frequency  of  interest 
(lOO-lOOOHz)  no  effect  of  frequency  on  the  endurance  of  the  specimens  was  identified. 
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A  limited  number  of  the  tests  on  skins  attached  by  double  rows  of  rivets  were 

carried  out  at  a  temperature  of  -40°C.  Because  of  tins.  limited  number  of  these  tests 
no  definite  conclusion  can  be  shown  although  the  fatigue  life  did  not  appear  to  be 
significantly  affected  by  the  reduction  in  temperatur« • 

In  random  vibration  fatigue  tests  it  is  necessary  to  truncate  the  applied  loading 
spectrum  to  a  prescribed  value  of  root  mean  square  stress  above  and  below  the  root 
mean  square  value.  The  effect  of  the  truncation  level  on  fatigue  endurance  is 
dependent  to  a  large  extent  on  the  root  mean  square  value  of  the  load  spectrum 
concerned  in  relation  to  the  fatigue  limit  strength  of  the  structural  element. 

Bending  fatigue  tests >  about  a  zero  mean  load,  on  an  aluminium-copper  alloy  have  shown 
that  truncation  at  a  stress  of  i  2.5  times  the  root  mean  square  value  results  in  lives 
greater  than  ten  times  those  for  specimens  with  load  truncation  at  ±  4*0  times  the 
root  mean  square  value  when  the  value  of  the  root  mean  square  stress  is  below  the 
fatigue  limit.  The  truncation  levels  for  data  presented  are  typical  of  the  values 
found  in  normal  acoustic  environments!  hence  the  data  are  directly  applicable  to 
structural  elements  subjects  to  acoustic  loading. 

The  loading  simulated  for  the  skir.-stif f ener  test  specimens  is  that  for  modes  in 
which  skin-stiffener  flexure  predominate.  Care  should  be  taken  when  this  Data  Item  is 
used  for  modes  involving  twisting  of  the  stiffeners. 

The  reference  stress  for  riveted-skin  and  rib-flange  test  specimens  is  the 
nominal  root  mean  square  stress  (i.e.  gross  area  measured  r.m.s.  stress  betwoen 
rivets)  at  the  failure  line.  When  using  this  Dita  Item  to  predict  a  life  using  a  root 
mean  square  stress  level  obtained  from  Section  5  of  Reference  1.7*9  it  is  recommended 
that  the  calculated  value  of  root  mean  square  stress  at  the  rivot  line  should  be  used 
as  the  stress  at  the  failure  position.  In  practice  the  failure  position  is 
sufficiently  close  to  the  rivet  line  for  this  approximation  to  be  within  the  range  of 
accuracy  of  the  simplo  theory  used  for  stress  prediction  in  Reference  1.7*9* 

1  •  3  Plain  Test  Si  ec linens 

1*3*1  Teat  specimens 

The  form  of  the  cantilever  teat  specimens  is  shown  in  figure  1.1a.  The 
material  tested  was  2024-T4. 

1.3*2  Method  of  testing 

The  teat  specimen  was  clamped  at  one  end  to  a  rigid  mass  and 
electromagnetic  excitation  was  applied  to  the  other  end  through  a  small  steel 
plate  attached  to  the  specimen.  The  narrow  band  random  excitation  resulted  in 
a  Rayleigh  distribution  of  peak  loads  in  the  test  specimen  at  a  resonant 
frequency  of  approximately  2300Hz.  The  stress  level  was  monitored  using  a 
capacitive  transducer  located  at  the  base  of  the  test  specimen.  The  transducer 
signal  was  integrated,  with  suitable  time  constant,  by  means  of  a  true  r.m.s. 
voltmeter  which  was  first  calibrated  against  a  strain  gauge  placed  at  tho 
failure  position.  Tests  for  failure  were  made  usinj  sinusoidal  excitation,  the 
criterion  boing  the  reduction  of  the  resonance  frequency  to  98$  of  its  original 
value . 


Xn  these  tests  the  load  was  truncated  at  i  4  times  the  root  mean  square 

stress  . 


1.3-3  Test  results 


The  results  of  plain  cantilever  fatigue  eta  are  plotted  on  figure  1>3* 
for  these  tests  S  is  the  root  mean  equals  1  .imtnal  bending  stress  in  the 

l'OlO 

skin  at  the  failure  line. 

1 . 4  Integrally  Machined  Teat  Specimens 

1.4.1  Test  specimens 

The  form  of  the  machined  stiffener  and  free-free  beam  test  specimens  are 
shown  in  figure  1.1b  and  J.lc.  The  materia)  tested  was  VEb(AL)504* 

1.4.2  Method  of  testing 

The  base  of  the  machined  stiffener  test  specimen  rib  was  clamped  to  a 
raovine  coil  vibrator  being  fed  from  a  white  noise  generator.  The  signal  from 
the  noise  generator  was  limited  to  a  total  bandwidth  of'/3octave  centred  at  t.tie 
fundamental  resonant  frequency  of  the  specimen.  The  resultant  vibration  of  the 
specimen  was  in  a  mode  corresponding  to  the  fundamental  natural  mode  varying 
randomly  in  amplitude.  failure  was  detected  by  the  increase  m  damping  and  sharp 
reduction  in  resonant  frequency  accompanied  by  iluctuntions  in  strain  amplitude. 
In  some  cases  the  stress  was  monitored  away  from  the  failure  lne.  for  these 
cases  the  failure  line  stress  was  obtained  using  an  experimentally  determined 
factor . 
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Th >  free-free  beam  was  suspended  on  two  elastic  supports  and  excited 
at  one  end  through  a  moving  coil  vibrator  being  fed  from  a  white  noise 
generatort  as  indicated  in  Figure  1.1c.  The  resultant  vibration  of  the  beam 
was  in  a  mode  corresponding  to  the  fundamental  natural  bending  mode. 

In  these  tests  the  load  was  truncated  between  ±  3*0  and  ±  3»5  times  the 
root  L;ean  square  stress. 

1.4*3  Test  results 


The  results  of  machined  stiffener  and  free-free  beam  testd  are  plotted 
on  Figure  1.3.  For  these  tests  srma  the  root  mean  square  nominal  stress 

at  the  failure  position.  A  typical  failure  position  for  the  machined 
stiffener  is  shown  in  Figure  lb.  The  failure  position  on  the  free-free  beam 
was  at  the  mid-position  on  the  free  edge  of  the  stiffener  web. 

1 • 5  Hive ttd -Skin  Test  Specimens 

1*5.1  Test  specimens 

Form  of  the  test  specimens  having  sing'o  and  double  rows  of  skin 
attachment  riveS s  is  shown  in  Figures  1.2a  and  X.2ii» 

For  the  specimens  wi+h  a  single  row  of  skin  attachment  rivets  four 
material  typo"  were  tested  D.T.D.710,  i)  T.D.746,  D.T.D.5070  and  3.1364.5*  Data 
for  three  types  of  rivet  hole  are  pressntsd(  plain  holaa  with  mushroom-head 

rivets  1  and  100°  cut  countersunk  and  100°  hot-pr?ssur*-dimpled  holes  with 
countersunk  rivets.  Data  for  two  types  of  viscoelastic  Jointing  compound  ara 
presented!  type  1  to  specification  D.T.D.5605  (JC5A)  and  type  2  to  specification 
D.T.D.4611  (Thiokol). 

For  the  specimens  with  a  doubla  row  of  akin  attachment  rivete  two 
material  types  were  testedi  D.T.D.710  and  CM001-1D.  Data  for  both  solid  and 
blind  countersunk  rivets  are^presented  with  cut  countersunk  holes.  A  typa  2 
viscoelastic  Jointing  compound  to  specification  D.T.D.  CM021A  (Viton)  was  uaed 
with  solid  countersunk  rivets. 

1.3.2  Method  of  testing 

The  riveted-skin  t *•»■*.  specimens  were  tested  in  a  similar  manner  to  those 
used  for  the  machined  stiffener  test  specimens  described  in  Section  1.4*2. 

In  these  tests  the  load  waa  generally  truncated  between  ±  3.0  and  ±3*5 
times  the  root  mean  square  stress(  although  in  a  few  teste  the  load  truncation 
level  was  between  ±  4>4  and  *,  4*6  times  the  root  mean  square  stress. 

1.5.3  Test  results 


Tha  results  of  the  riveted-skin  fatigue  tests  are  plotted  in  Figures  1.4 

to  l.il  for  the  configurations  shown  in  Table  1.1.  For  these  tests  S _  is 

rni 

the  root  mean  square  nominal  bending  stress  in  the  skin  at  the  failure  line. 
Figure  1.14  shows  the  position  of  skin  cracks  in  the  specimens  with  a  single 
row  of  akin  attachment  rivet*  and  Figure  1.15  dhows  the  position  of  skin  cracks 
in  specimens  with  a  double  row  of  skin  attachment  rivets. 

S-N  data  presented  in  Figure  1.7  indicatea  that  there  may  be  an  sffect 
of  thickness  on  life)  the  test  data  for  the  24  swg  (0.558  mm)  skin  shows  a 
lower  life  at  any  given  stress  level  than  that  for  thicker  skine.  The 
evidence  of  a  thickness  effect  it  not  apparent  in  Figure  1.11  where  different 
rivet  holes  are  used.  This  suggests  that  the  apparent  thicknees  -*.<ect  in 
Figure  1.7  results  from  stress  concentrations  at  the  rivet  holes  being  more 
severe  in  the  thinner  skin  for  mushroom-head  rivets  .'n  plain  holes. 


TABLE  1.1 


FIGURE 

No. 

SKIN 

MATERIAL 

JOINTING 

COMPOUND 

RIVET 

HOLE 

RIVETS 

RIVET 

MATERIAL 

SPECIFICATION 

| 

3.1364.3 

none 

plain 

single  row  m/h 

2.4360.1 

m 

CM001-1D 
D.T.D. 710 

none 

none 

c/a 

c/a 

double  row  c/e 
double  row  c/s 

BAS  7002* 

♦ 

mm 

D.T.D. 5070 

type  1 

plain 

single  row  m/h 

L  86 

n 

D.T.D. 710 
3.1364.5 

type  2 
type  2 

plain 

plain 

single  row  m/h 
single  row  m/h 

L  86 

2.4360.1 

1.8 

D.T.D. 5070 
D.T.D. 710 
D.T.D. 746 

type  1 
type  1 
type  1 

D 

single  row  c/e 
single  row  c/a 
single  row  c/s 

L  86 

L  69 

L 

■a 

D.T.D. 710 
CM001-1D 

type  2 
type  2 

c/a 

c/s 

single  row  c/s 
double  row  c/s 

L  86 

BAS  7002* 

1. 10 

3.1364.5 

non  j 

H.P.D. 

single  row  c/s 

2.4360.1 

l.u 

D.T.D. 710 

type  1 

H.P.D. 

single  row  c/s 

L  86 

m/h  *  mushroom-head  a  BAC  specification 

c/s  ■  countersunk  +  monel  and  stainless  steel 

H.P.D.  ■  hot-pressure-dimplea 

.6  Rib-Flange  Test  Specimens 

1-6.1  Test  spocimens 

The  form  of  the  test  specimens  is  shown  in  Figure  1.2c.  Two  material 
types  were  tested.  D.T.D. 710  and  D.T.D. 5070- 

Data  for  two  types  of  rivet  hole  are  presented,  plain  holes  ’'ith 

mushroom-head  rivets,  and  100°  hot-pressure-dimplod  holes  with  countersunk 
rivets.  Data  for  two  types  of  viscoelastic  Jointing  compounds  are  presented, 
type  1  to  specification  D.T.D. 5604  (JC5A)  and  type  2  to  specification 
D.T.D. 4611  (Thiokol). 

1.6.2  Method  of  testing 

The  method  of  testing  was  as  described  in  Section  1.4*2  with  the  test 
specimen  skin  clamped  to  the  vibrator. 

In  these  tests  'he  load  was  truncated  at  £  5-2  times  the  root  mean 
square  stress. 

1.6.3  Test  Results 

The  results  of  the  rib-flange  fati,;ue  tests  aro  plotted  in  Figure  1.12 
and  1.13  for  materials  D.T.D. 5070  and  D.T.D. 710  respectively.  For  these  tests 

S  is  the  root  mean  square  stress  at  the  flange  bend, 
rms 

With  few  exceptions  the  failure  originated  in  the  flange  bend.  The 
er.C9ption9  were  in  a  small  number  of  specimens  with  type  1  viscoelastic 
y  intxng  compound  where  failure  originated  at  a  rivet  hole. 

,  7  Derivation  and  deferences 

Derivation 

1.7- 1  Bayerdorfor,  0. 

Carl,  R . 

1.7- 2  Townsend,  N.A. 

Corke,  D.M. 


Unpublished  work  by  Dornier  AO. 

The  fatigue  strength  between  10^  and  10i0  cycles 
to  failure  of  light  alloy  skin-rib  joints  under 
fuiiy  reversed  bending  loads. 

Part  2  -  Random  amplitude  excitation. 

Hawker  Siddeley  Aviation  Ltd.  stress  Office 
Report  54.  Work  under  Ministry  of  Aviation 
contract  KS/l/0115/ O.L.43(a)2,  May  1963. 
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1.7*3  Cummins,  R.J. 
Eaton.  D.C.G. 

1.7«4  Townsend,  N.A. 


1.7*5  Artusio,  G. 
•t  al. 


Unpublished  work  by  British  Aircraft 
Corporation.  May  1969. 

Fully  raversod  bonding  r.m.s.  S-N  curves  for 

light  alloy  skin  rib  joints  between  10^  and  10^ 
cycles  to  failure.  Part  1  -  unreinforced  skins. 
Hawker  Siddeley  Aviation  Ltd.  Stress  Office 
Report  AR  10.  Work  under  Ministry  of  Technology 
contract  KS/l/040l/C.B.43(*)2,  June  1970. 

Unpublished  work  by  Fiat.  January  1971* 


I.7.G  Cummin* .  R.J.  Unpublished  work  by  British  Aircraft 

Eaton.  D.C.G.  Corporation.  January  1971. 

1.7.7  Bayerdorfer-,  G.  Experimental  investigation  to  establish  acoustic 

fatigue  design  charts.  J.  Sound  Vxe?«  Vol.17, 
No.l.  pp. 55-62*  July  1971. 


References 

1.7.8  Kirkby.  V.T.  A  review  of  the  work  in  the  United  Kingdom  on 

the  fatigue  of  aircraft  structures  during  the 
period  May  1969-May  1971.  RAE  teoh.  Rep.  71157. 
August  1971. 

1.7.9  Thomson.  A.G.H.  Acoustic  fatigue  design  data.  AGARD-AG-162-Part  1. 

May  1972. 
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APPENDIX  1A 


1A.  Materials 
1A.1  General  Daacrlptlon 
2024-T4 

3-1364.5 

D.T.D.  710 

D.T.D.  746 


Aluminium-copper-magneaium-manganese  alloy  sheet 
clad  with  aluminium.  Solution  heat  treated  and 
naturally  aged. 

Aluminium-copper-magnesium-manganese  alloy  sheet 
clad  with  aluminium.  Solution  heat  treated 
followed  by  strain  hardening. 

Aluminium-copper-magnesium-sili con-manganese 
alloy  sheet  clad  with  aluminium.  Solution  heat 
treated  and  naturally  aged. 

Aluminium-copper-magnesium-silicon-manganese 
alloy  sheet  clad  with  aluminium.  Solution  heat 
treated  and  artificially  aged. 


D.T.D.  5070 


CM001-1D 

(BAC  designation) 


VliS(AL)504 
(BAC  designation) 


Aluminium-copper-magnosium-nickel-iron  alloy 
sheet  clad  with  aluminium-zinc  alloy.  Solution 
heat  treated  and  artificially  aged. 

Aluminium-copper-magnesium-silicon-nickel-iron 
alloy  sheet  clad  with  aluminium-zinc  alloy. 
Solution  heat  treated  and  artificially  aged. 

Alumlnium-copper-magnesium-nickel-iron  alloy 
plate.  Solution  heat  treated  and  artificially 
aged. 


1A . 2  Material  Chemical  Composition 

In  Table  1A.1  the  chemical  compositions  of  the  core  material  and  cladding  are 
listed  for  materials  considered  in  this  Section.  The  values  given  are  the  limits  of 
each  alloying  element  as  a  percentage  by  weight  of  the  total. 


1A.3  Equivalent  Materials  and  Tensile  Properties 

In  Table  1A.2  the  tensile  strength  of  the  materials  for  which  data  are 
presented  is  given.  The  strength  values  quoted  are  cpplicabla  to  the  material 
thicknesses  considered  in  t‘:is  Section. 


For  the  materials  for  which  data  are  presented  the  equivalent!  or  nearest 
equivalent!  Aluminium  Association  alloy  is  given  in  Table  1A.2.  The  U.S.  designation 
of  the  equivalent  heat  treatment  condition  is  also  listed.  Other  national  standard 
designations  may  be  found  in  the  latest  editions  of  References  IA.4.1  and  1A.4.2. 

1A.4  References 

IA.4.1  -  Conversion  chartSi  data  sheets  and  equivalence 

lists  for  American  aircraft  materials. 

NATO  document  AC/82-D/4* 

1A.4.2  -  Aluminium  standards  and  data.  Aluminium 

Association,  New  York. 


others 
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Section  2 

natural  frequencies  op  plat  or  singly-curved  sandwich  panels 
WITH  CORES  OP  ZERO  FLEXURAL  STIFFNESS 

2.1  Notation 

a  longer  dimension  of  flat  panel,  or  length  of 

currod  panel  straight  edge 

b  shorter  dimension  of  flat  panel  or  are  length 

of  curved  panel 

Ct,C,,C,  non-dimensional  parameters 
x  3  (see  Derivation) 

E  Young's  modulus  of  face-plate  material 

F  non-dimensional  parameter 

(see  Derivation) 

fQ  natural  frequency  of  curved  panel 

ff  natural  frequency  of  flat  panel 

f  natural  frequency  of  uniform  flat  plate  of 

thickness  equal  to  distance  between  midplanes 
of  face  plates  and  having  density  and  Young's 
modulus  equal  to  those  of  the  face  plates 

0  shear  modulus  of  honeycomb  core  material 

G  ,G.  transverse  shear  moduli  of  core  in  planes 
defined  in  sketch  below 


Shior  plant 


°c 

effective  shear  modulus  of  core 

N/m2 

lbf/in2 

V°y 

transverse  shear  moduli  of  core  in  planes 
defined  in  sketoh  on  page  20 

N/m2 

lbf/in2 

h 

core  thickness 

m 

in 

K1’K2 

non-dimensional  parameters 
(see  Derivation) 

l 

length  of  honeycomb  cell  wall 

a 

in 

m 

number  of  half-waves  parallel  to  side  of 
length  a 

n 

number  of  half-waves  parallel  to  side  of 
length  b 

R 

radius  of  curvature  of  panel 

n 

in 

t 

face-plate  thickness 

a 

in 

*c 

thickness  of  honeycomb  core  material 

■ 

in 

Pc 

core  density 

kg/m3 

lb/in3 

pf 

face-plate  density 

kg/m3 

lb/in3 

<r 

Poisson's  ratio  of  face-plate  material 

Both 

SI  and  British  units  are  quoted  but  any  coherent 

system  of  units 

may  be  used 

■ 

in 

« 

in 

N/m2 

lbf/iu2 

Ha 

c/s 

Ha 

o/s 

Ha 

c/s 

E/m2 

lbf/in2 

N/m2 

lbf/in2 

20 


2.2  Notes 


This  Section  a  mat  hod  of  calculating  tha  natural  .frequencies  of  initially 

unstressed  flat  or  curved  rectangular  panels  of  sandwich  construction  with  identical 
faoe  plates.  The  core  is  Assumed  to  have  sero  flexural  stiffness  and  to  bs  isotropic, 
but  a  aodsrate  degree  of  orthotropy  i.e.l/3<6a/®j,  <3  can  be  taken  into  account.  The 

data  have  been  derived  for  application  to  honeycoab  sandwich  panels,  but  aay  be  used 
for  other  types  of  sandwich  panel  having  cores  of  negligible  flexural  stiffness 
provided  that  their  properties  ooaply  with  ths  assumptions  stated  later  in  these  notes. 

The  natural  frequency  of  the  sandwich  panel  is  obtained  by  factoring  the  natural 
frequency.  fu  of  a  solid  flat  plate  of  thickness  squal  to  ths  distance  between  the 

■id-planes  of  ths  face  plates,  hit.  according  to  the  following  expressions. 

For  a  curved  panel » 

,  ,  2,1/2 

■ ''  I1*  Gra)  • 

The  values  of  f  .  C,.  C_.  C„  and  f  are  obtained  as  shown  in  the  following 

Table.  u  1  *  3  c 


For  a  flat  panel! 


ff  “  fuClC2‘ 


Parameters 

obtained  froat 

as  a  function  oft 

*u 

Reference  2.3.2. 

2.3*5  or  2.3*6 

“2  1  *  >  ■  »  n  .  edge 

b  b  conditions 

C1 

Figure  2.1 

ts.  £ 

ft  * 

V°. 

Figure  2.2 

fib  t  2h 
an  0^ 

C2 

Figure  2.3 

E  t  (h+t)2a2  ab 

2  9 

0^  h  a  an 

c 

C3 

Figure  2.4 

ab 

an 

Vff 

Figure  2.5 

c  c  b* 

2‘  3’  n^hit) 

The  shear  aodull  of  the  core.  0^  and  0^,  can  be  obtained  froa  Manufacturer s' 


data  or  test,  or  they  can  be  calculated  for  honeycoab  cores.  A  suitable  teat  Method 
is  described  in  Reference  2<3>3  end  a  calculation  aethod  for  hexagonal  honeyooab  cores 
is  given  in  Reference  2.3 For  the  case  of  deep  hexagonal  honeycoab  cores  with 
h/i  >2,  and  included  angle  of  120°, 


end  0 


0.577  -f 
1.5  G„. 


Tvr 


M[IWWU|t 


’  t'mfT&rs 
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Shear  moduli  of  different  samples  of  core  may  be  expected  to  vary  by  up  to  about 
23°/o,  but  the  effect  on  natural  frequency  is  significant  only  when  C_  is  much  less 
than  unity* 

The  data  are  based  on  an  exact  solution  of  the  simplified  differential  equation 
of  notion  of  an  idealised  slightly-curved  panel  described  in  Derivation  2* 3*1. 

Zt  is  assumed  that  the  orthotropic  core  carries  no  in-plane  loading*  but  carries 
all  the  traneverse  shear.  The  method  of  accounting  for  orthotropy  has  been  simplified 
to  allow  graphical  presentation*  but  the  errors  arising  from  this  simplification  do 
not  exceod  1  per  cent  over  the  ranges  of  variables  covered  by  the  Figures* 

The  panel  is  assumed  to  be  eimply-supported  at  all  edges*  but  it  is  suggested 
that  provided  C2  is  close  to  unity  tho  fundamental  natural  frequency  for  panels 

with  fixed  edges  can  be  found  approximately  by  taking  f  corresponding  to  fixed-edge 
conditions  for  a  uniform  plate* 

The  frequencies  of  the  higher  modes  of  curved  panels  are  obtained  approximately 
by  assuming  that  the  frequencies  are  the  same  as  for  a  simply-supported  panel  having 
dimensions  of  one  half  wavelength  in  each  direction*  i.e*  by  substituting  a/m  and 
b/n  for  a  and  b  .  Frequencies  calculated  this  way  compare  well  with  the  few 
experimental  results  that  are  available  for  modes  up  to  (3*l)  or  (l*3)* 

It  is  assumed  that  the  half-wavelengths  are  large  compared  with  the  oell-sise  of 
honeycomb  core*  and  that  there  is  no  strain  in  the  through-thicknese  (radial)  direction* 
These  assumptions  are  not  expected  to  lead  to  serious  error  for  conventional  sandwich 
panels  covered  by  the  ranges  of  variables  given  in  Figures  2.1  to  2*4*  but  any  extra¬ 
polation  outside  these  ranges  should  be  treated  with  caution. 

Figuree  2*3  and  2*4  ere  drawn  for  a  value  of  9  ■  0*3* 

A  computer  program  to  calculate  both  natural  frequencies  and  stress  response* 
based  in  part  on  thie  Section*  is  given  in  Section  3  of  this  AGARDograph. 

2*3  Derivation  and  References 


Derivation 

The  frequency  expressions  aret 
t,  ■  f..C,C„ 


and 


ff  < 


1  ♦ 


\tTK(h+t)/  C2 


1/2 


where  f  is  obtained  from  Reference  2*3*2*  2*3*5  or  2*3*6  and 

u  r  "  1/2 


and 


where 


r  m 

/XV, 

t-Vhit)V 

2 

x 

•  1  ♦  (i 

\  21 

“I  -1/2 

*  1 

< 

M 

h  /  a2 

2(l-o-2) 

V* 

nb / 

a 

l477 


Ki  - 


2  I.V 


F  1  m2b2 


I2#*1"}] 


(1+a)  -  <r 

( 1+ff)  O’ 


F  « 


2  2 

a  n 

2.  2 

m  b 


2  2 


u*o-r  -  2  *=2?  ♦  i  -  o-  2  ♦ 


mV 


2  2  1 
>7  H  ’ 


22 


and 


2.3.1  Jacobaon,  M.J. 


Roforencea 

2.3.2 


2.30 


2.3.4 


Stress  and  deflection  of  honeycomb  panala  loadad 
by  apatlally  uniform  white  noiaa. 

AIAA  Journal.  Vol.6,  No. 8.  August  1968.  1 


Natural  frequencies  of  uniform  flat  plataa. 
Engineering  Sclancaa  Data  Item  No. 66019.  1966. 

•  .  1 

Experimental  determination  of  the  ahear  and 
flexural  atiffneaaea  of  a  sandwich  panel. 
Engineering  Sciencea  Data  Item  No • 66025. ,  1966. 

Modulua  of  jrigidity  of  aandwich  pane  la  with 
hexagonal  cell  corea. 

Engineering  Sciencea  Data  Item  No. 67022.  1967* 


2.3.5  Thomeon,  A.O.R.  Natural  frequencies  of  rectangular  aingly-eurved 

platea.  Acouatic  fatigue  deaign  data.  Part  1. 
Seotion  4*  AGARDograph  162.  Part  1.  May  1972. 

2.3.6  -  Natural  frequenciea  of  rectangular  alngly-curved 

platea. 

Engineering  Soienoea  Data  Item  No. 72004.  1972. 

1 

2.4  Example 


It  ia  required  to  eetlaate  the  natural  frequency  in  the  mode  with  one  half  wave* 
length  in  each  direction  of  a  alngly-curved  honeycomb  aandwich  panel  with  simply- 
aupported  edgea  having  the  following  dimensions  and  material  propertied! 


450 


b  m  300  mm.  t  *  0.5  mm. 

G. 


10 


E  -  70  400  MN/m2,  Qa  -  141  MN/m2, 


Hence 


p  ■  64.O  kg/m3,  <r  m  0.3. 


r  c 
1*3 


R  >  1600 


212  MN/m2,  pf  m  2660  kg/m3, 


and  from  Reference  2.3.5 


and 


Now 


Pc  h 

Pf  * 


3.47  *  103  m/a,  V  ■  1.013 

3.47  *  103  x  1.013  x 

■  (0.300) 

410  Ha. 

64.0  x  10  x  10-3  _  . 

1  '  *  '  «»  ■  0.481  . 

2660  x  0.5  x  10”J 


Therefore  from  Figure  2.1, 


1.555. 


From  Figure  2.2.  for  —  ■  O.667  and 


Hence 


£6.1,  £c 

G.  l*3’  0. 


1.29. 


>  1.29  x  141  ■  182  MN/m  . 


From  Figure  2.3,  for 
.2  2 
LrL- 


ZQ  .m  x£il  x 

182  10 


10. 52  x  l2 
4  502 


10.5  x  IP 


and  for 


—  ■  0.667,  by  interpolation, 


23 


C 


2 


Proa  Figurs  2.4,  for 


Honco 

Now 


^(h+t) 


-  0.915  • 

®j*  ■  O.667,  by  interpolation, 

-  0.0082  . 

"  fuClC2  "  410  *  1,553  x  0,915 


300? 

z  1600  x  10*5 


5.36 


583  Us. 


and  fron  Figurs  2.5,  tho  point  q  on  tho  pivot  lino  Is  obtalnod  by  joining  ttao  point 
C2  ■  0.915  with  tho  point  b*/»*R(l>+t)  a  5*3b'<  A  straight  lino  Joining  tho  point 
■  0.0082  with  q  intersects  tho  f o/f^.  seals  at  1.13. 

Bones  •  1»13  and  fe  a  1.13  x  583  ■  659  Hs. 
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Section  3 

STRESS  RESPONSE  OF  FLAT  OR  SINGLY-CURVED  SANDWICH  PANELS  WITH  CORES 
OF  ZERO  FLEXURAL  STIFFNESS  SUBJECTED  TO  RANDOM  ACOUSTIC  LOADING 


3.1  Notation 


a 

longer  dimension  of  flat  panel*  or  length 
of  curved  panel  straight  edge 

m 

in 

b 

shorter  dimension  of  flat  panel*  or  arc 
length  of  curved  panel 

m 

in 

E 

Young's  modulus  of  face  plate  material 

N/m2 

lbf/  in' 

ri’F2 

f 

non-dimensional  parameters 

fundamental  natural  frequency  of  panel 

Ha 

c/s 

°a’°b 

transverse  shear  moduli  of  core 
defined  in  sketch  below 

N/m2 

lbf /in' 

pc  core  density 

pf  face-plate  density 

<T  Poisson's  ratio  of  face-plate  Material 


(N/m2)2/H*  ( lbf/ in2) 2/ (c/s) 

n  in 


dB* 

dB+ 

N/.2 

lbf/in' 

m 

in 

N/.2 

lbf/in' 

■ 

in 

kg/m3 

* 

kg/m3 

« 

♦  2  2 
The  reference  preesure  for  sound  pressure  level  is  20  pN/m  (0.0002  dyn/cm  ). 

*  A  density  value  expressed  in  British  units  as  pounds  per  cubic  inch  has  to  be 
divided  by  386.4  before  it  can  be  used  to  calculate  ( pch+2p^t) .  (A  force  of  1  lbf 

2 

acting  on  a  mass  of  1  lbf  produces  an  acceleration  of  386.4  in/s  .) 
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3*2  Notes 


This  Section  gives  a  method  of  estimating  the  r.m.s.  stress  in  the  face  plates  of 
a  sandwich  panel  subjected  to  random  a*. rustic  loading*  The  panels  considered  are 
initially  unstressed  flat  or  singly-curved  panels  with  identical  face-plates*  The 
data  apply  particularly  to  honeycomb  sandwich  panels  but  can  be  used  for  other  sand¬ 
wich  panels  provided  that  the  core  properties  are  such  as  to  comply  with  the 
assumptions  stated  later  in  these  notes* 

The  reference  position  for  face-plate  r*m*s*  stress  is  the  oentre  position  of  the 
panel*  Stresses  at  other  positions  may  be  found  by  applying  a  suitable  factor  to  the 
reference  stress*  When  estimating  honeycomb  panel  edge  stresses  it  is  necessary  to 
consider  the  panel  edge  detail  design*  For  a  panel  with  reduced-thickness  edges  it 
may  be  assumed  as  a  first  approximation  that  the  stresses  adjacent  to  the  edge  are  of 
the  seme  order  as  the  corresponding  stresses  at  the  centre*  For  panel  edge  design* 
the  edge  surface  stresses  should  first  be  estimated}  then,  either  from  test  or  past 
experience,  the  edge  design  should  be  chosen  to  suit  the  estimated  stress* 


In  this  Section  no  allowance  is  made  for  the  stress  relief  in  the  outside  skin  of 
a  sandwich  panel  having  crushed,  or  cut  away,  core 
skin  lies  in  the  same  plane*  The  stress  relief 
is  due  to  the  supports  restraining  the  panel 
skin  in-plane  extensions*  Some  guidance  in 
assessing  the  effect  of  reducing  the  panel  edge 
thickness  on  the  calculated  stress  may  be  found 
in  Reference  3*5*4*  In  this  Reference  ratios 
of  inner  and  outer  face-plate  stresses  are 
given  for  a  panel  mounted  on  rigid  supports* 

In  practical  structures  the  compliance  of  the 
supports  will  reduce  the  stress  ratios* 

It  is  assumed  that  only  the  fundamental  mode  is  excited  and  that  the  panels  are 
of  shallow  curvature  and  simply  supported*  The  shallow  curvature  condition  is 
satisfied  when  b/K  <1*5*  In  the  fundamental  mode  the  panel  is  assumed  to  vibrate 
with  one  half  wave  in  each  of  the  principal  directions.  Experimental  evidence  shows 
that  the  assumption  of  unimodal  response  gives  good  results  for  stresses  in  flat, 
square  honeycomb  panels.  As  the  curvature  and  panel  aspect  ratio  (a/b)  are  increased 
it  is  likely  that  the  effect  of  higher  order  modes  will  be  increased.  Stresses 
estimated  for  panels  having  b/R>0  4,  or  0*57  >a/b>  2.0,  should  be  treated  with 
caution  as  no  measured  data  are  available  to  check  the  validity  of  the  simple  response 
theory  for  these  cases.  The  assumption  that  panels  have  simply-supported  edges  is 
Justified  for  conventional  sandwich  panel  construction  where  the  core  material  is 
crushed,  or  cut  away,  to  bring  the  face  plates  together  at  the  panel  edget  tests  show 
that  for  panels  of  this  type  the  fundamental  natural  frequency  is  close  to  the  simply- 
supported  panel  value* 

This  Section  may  be  used  for  panels  having  fixed  edges  if  an  effective  value  is 
used  for  panel  dimension  a  «  As  a  first  approximation  it  is  recommended  that  the 
effective  length  should  be  the  length  of  the  simply-supported  panel  having  the  same 
fundamental  natural  frequency  as  the  fixed-edge  panel.  It  should  be  noted  that 
experimental  data  are  not  available  for  comparison  with  calculated  fixed-edge  panel 
r.m.s.  stresses  so  stresses  calculated  in  this  way  should  be  treated  with  caution* 

The  core  is  assumed  to  have  aero  flexural  stiffness  and  to  be  isotropic,  although 
a  moderate  degree  of  orthotropy,  i*e*  l/3<G4/0jJ< 3,  can  be  taken  into  account.  It 

is  also  assumed  that  the  orthotropic  core  carries  no  ln-plane  loading,  but  carries  all 
the  transverse  shear.  The  shear  moduli  of  the  core  can  be  obtained  from  manufacturers' 
data,  test  or,  in  the  case  of  honeycomb  cores,  by  calculation.  A  suitable  test  method 
is  described  in  Reference  3*5*8  and  a  calculation  method  for  hexagonal  honeycomb  cores 
is  given  in  Reference  3*5*9* 

In  producing  this  Section  the  values  of  9  and  6  have  been  assumed  to  be  0*3 
and  0*019  respectively.  Thie  value  of  the  damping  ratio  in  the  fundamental  mode  is 
typical  for  bonded  aluminium  alloy  honeycomb  panels*  However,  r.m.s.  stresses  at 
different  values  of  damping  ratio  may  be  found  using  the  correction  factor  K.  which 
is  plotted  against  6  in  Figure  3*14*  6 

In  Appendix  3A  a  computer  program  is  described  which  calculates  both  natural 
frequencies  and  stress  response  to  acoustic  loading.  Sub-routines  are  given  for  both 
the  frequency  and  stress  calculations. 

3*3  Calculation  Procedure 


such  that  the  whole  of  the  outer 


Outtr  ekin 


Inner  Sim 


Sketch  2  Typicol  reduced  thiOineM  panel  edge 


3*3*1  The  procedure  for  estimating  ^rra8  i°  a  general  case  is  as  follows 

(i)  Estimate  the  fundamental  natural  frequency  of  the  panel  using  Section  2* 
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(ii)  Obtain  tha  valua  of  spectrum  level  of  acoustic  pressure  Lp<( f )  at  the 

calculated  frequency.  If  only  the  band  pressure  level  is  knownt  it  is 
first  corrected  to  pressure  spectxum  level  (unit  bandwidth)  using 
Reference  3«3«5« 

(iii)  Evaluate  a/b  and ,  from  Figure  1,  read  the  value  of  appropriate  to 

the  direction  in  which  tl.s  r.m.s.  stress  is  required  (see  Derivation). 

(iv)  Evaluate  Gb/G#  auid  Gaa2h/[Et(teh)2J  and  from  Figures  3.2  to  3,6  or 

Figures  3«7  to  3«llt  dspsnding  on  the  direction  in  which  the  stress  is 
required  (see  Derivation))  read  the  appropriate  value  of  Kg.  The  Figure 

used  within  these  two  groups  depends  on  the  value  of  Gb/Gfc. 

(v)  Evaluate  a/R  and  £(h/2)+tJ/a  and  calculate  K-  from 


The  sign  chosen  for  the  product  including  Kg  is  dependent  on  the  panel 
surface  for  which  the  r.m.s.  stress  is  required  (see  Derivation). 

(vi)  Evaluate  the  parameter  E/{a( pch+2pf t)j  and  from  the  nomograph  (Figures 

3.12  or  3*13)  obtain  the  value  of  S _  .  The  nomographs  are  entered  at 

rmu 

a  value  of  Lp-(f))  each  quadrant  being  used  in  turn  in  the  direction 
indicated  through  ranges  of  E/[a( pch«2pf t)}  ,  K^  and  f .  Figure  3*13 
is  an  extension  of  the  range  of  Dp#(f)  given  in  Figure  3.12. 

(vii)  For  values  of  6  other  than  0.019i  factor  the  estimated  value  of  srBg 

by  K.  obtained  from  Figure  3>14*  The  value  of  6  ■  0.019  is  typical 
o 

for  bonded  aluminium  alloy  honeycomb  panols. 

3* 3*2  Note  on  the  units  of  spectral  density  of  acoustic  pressure 

Within  the  nomograph  the  spectrum  sound  pressure  level  is  converted  Into 
the  spectral  density  of  ,  coustic  pressure.  The  spectrum  sound  pressure  level  is 

converted  into  the  root  mean  square  fluctuating  pressure  in  units  of  (N/m  )/Hz 

(see  expression  below  or  Reference  3* 5 *6)  and  then  squared  giving  a  value  in 

2  2  2 

units  of  (h/m  )  /Hz  «  Since  unit  bandwidth  is  used  this  is  numerically  equal  to 

2  2 

the  spectral  density  of  acoustic  pressure  Gp(f)  in  units  of  (N/m  )  /Hx> 

Lp.(f)  -  20(log10pra>  v  4.70) 

If  L  .(f)  is  required  in  British  units  of  (lbf/in2)2/(c/s)  it  is  given 
by  pB 

Lp.(f)  =  2OU°*10Prm.  +  8*54)* 


3«4  Comparison  with  Measured  Data 

Figures  3>15  and  3*16  show  a  comparison  of  estimated  and  measured  face-plate 
r.m.s.  stress  at  the  centre  of  sandwich  panels.  In  estimating  stresses  for  Figure 
3.13  the  fundamental  natural  frequency  calculated  using  Section  2  was  used,  and  the 
value  of  damping  ratio  was  taken  to  be  0.019.  For  estimated  stresses  in  Figure  3.16 
measured  values  of  fundamental  natural  frequency  and  corresponding  damping  ratio  were 
used. 
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Vll  data  uaad  in  thaaa  compariv-n*  are  for  panel*  having  crushed  or  cutaway  cores 
at  the  edge  attachment  positions •  He.  allowance  has  been  made  for  stress  relief  due  to 
the  rigidity  of  th*  supports.  In  all  cases  the  highest  measured  panel  centre  stress 
is  oomparsd  with  the  equivalent  night,  calculated  principal  stress* 


3*5  Derivation  and  References 
Derivation 

The  expression  for  r.m*s.  stress  iu  S  ■ 

*3  ■  |;«i* i(,*,)^s| • 


0.29K-EK.  T  ) 
a(Pch**Pft)f3/2  (°p(f)/ 


(i)  for  surface  stresses  parallel  to  the  ptinel  side  of  length  a  K.  «  K,  and 

*2.  ’  ‘a. 

“>•  •  ■  - 2  •  it)  (W>} 


“d  ^  x 

(ii)  For  surface  stresses  parallel  to  th*  panel  side  of  length  b  K,  *  K,.  and 

V  -  V  ukama  ID 


K2s  "  K2b  wh#r* 


^  {(;)■'}  * 1  -  21(#,(i-)  - 2  -  (:J u-")} 


and  K„ 


-  2x  (h\  L  +  4)1  j5ytaij|  x 

r  \o  J  \bj  2G.a‘eh(l-«r‘e) 

\ 


(■(:)'[•  •  £)]  •  [•  •(;)'©]  -  ["•61)1 


■  (*)  <*~>2-  [«(;)  ♦*-'] 

•a  .  ft)  .  ( *(*f  *  aft) 

\°a/  0.»2h(l-O  l  \b  /  \G  J 

♦  Unr)  [l  -  r  .) 

\b/\0./  j  1  l  20  a2h(l-<r2)  j 


t  b  /  V  0. 


In  th*  equation  for  the  minus  sign,  in  front  of  the  final  product,  is  used 

for  surface  stress  on  the  convex  side  of  the  panel  and  the  plus  sign  for  the  surface 
stress  on  the  concave  side  of  the  panel. 
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3*6  Example 


It.  is  required  to  estimate  the  r.m.s.  stress  on  the  face  plates  at  the  centre  of 
a  simply-supported  honeycomb  sandwich  panel  subject  to  Jet  noise.  The  variation  of 
sound  pressure  level  over  a  range  of  frequencies  is  given  in  the  table,  sound  pressure 
level  being  1/3  octave  band  levels. 


Sound  pressure 
level  dB 

— 

152 

— 

155 

154 

150 

Frequency  Hz 

200 

500 

1000 

2000 

The  panel  has  the  following  dimensions  and  material  properties) 


a  ■  450  mm, 

h  3  10  mm, 

E  =  70  400  MN/m2, 

pf  =  2660  kg/m-5, 


b  =  30C  mm, 

t  3  0.5  mm, 

G  3  141  MN/ra2, 

A 

p  =  64  kg/nr. 


R  s  1600  mm, 
cr  s  0.3, 

Gb  3  212  MN/m2, 


From  Section  2  the  fundamental  natural  frequency  of  the  panel  is  659  Hz. 

By  interpolation  from  the  table  the  1/3  octave  band  pressure  level  at  659  Hz 
is  154.9  dB. 

From  Reference  3 • 5 ♦ 5 > 


L  (f) 

pa 


154-9  -  21.7 


133.2  dB. 
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With  a/b  s  1*5*  from  Figure  3*1 
Kla  e  0.290  and 

Now  G./G  =  1.5 


Klb  *  0.408. 


Now  G. /G 
d  a 

GRa2h 
Et( t+h) 2 


141  x  106  x  0.452  x  0.01 


70  400  x  10°  x  0.0005(0.0005  ♦  0.01)' 


73.6  . 


JhertAore  from  Figure  3«5»  K2r  n  13.5  and  from  Figure  3*10  K2b  *  21.2. 

»  , .  ✓  h.  v  0.01  .  _ 


Also  — 
R 


3  0.281  and 


+  0.0005 


3  0.0122  . 


From  the  equations  in  the  Derivation.  Section  3*5.  the  values  of  K.  required  to 
determine  the  r.m.s.  stress  parallel  to  side  a  are  given  by  J 

(i)  on  the  concave  face-plate  surface 

I  .  A.  \  K-  I 


:  --  •  (H  f 


3  I  0.281  x  0.290  +  0.0122  x  13.5 
and  (ii)  on  the  convex  face-plate  surface 

la  „  /ta  .  A  *2®! 


0.246 


(Ht 


0.281  x  0.290  -  0.0122  x  13.5 


0.083 


the  values  of  K_  required  to  determine  the  r.m.s.  stress  parallel  to  side  b  are 
given  by  -*  * 

(i)  on  the  concave  face-plate  surface 

I-  A.  \  K„w| 


i  '  (H 


|  0.281  x  0.408  ♦  0.0122  x  21. 2|  3  O.373 


and  (ii)  on  the  convex  face-plate  surface 

I.  A.  \  K„.  I 


2  /  a 


| 0.281  x  0.408  -  0.0122  x  21. 2 |  3  0.144 

,„6 


70  400  x  10 


k(pch+2pft)  0.450  x  (64  x  0.01  ♦  2  x  2660  x  0.0005) 


&  7*4  x  109s-2. 


From  Figure  3*13>  entering  the  nomograph  at  133*2  dB  the  stresses  in  the  face  plates 
are  shown  in  the  table. 


Srms  Parall#1 
to  side  a 

(MN/m2) 


Srms  P»r*11#1 
to  side  b 

(MN/m2) 


concave  surface 

18. 

■3 

27.7 

convex  surface 

6. 

.2 

10.7 

34 


Therefore  the  resultant  etreee  on  the  panel  oonoave  aurfaoe  (6  ■  0.019)  is 
J 18. 32  +  27. 72  -  33*2  HH/m2  , 

and  the  resultant  etreee  on  the  panel  convex  aurfaoe  (S  •  0.019)  ie 

J  6»22  ♦  10. 72  ■  12.4  MN/a2  . 

Proa  Figure  3. 14.  for  6  *  0.03.  ■  O.796. 

Hence  the  r.m.e.  etreee  at  the  centre  of  the  panel  on  the  oonoave  eurface  i 
33*2  x  0.796  *  26.4  MN/m2  and  on  the  convex  aurfaoe  is  12.4  v  0.796  ■  9.87  MN/w2 
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FIGURE  34  PARAMETER  FOR  STRESS  PARALLEL  TO  PANEL  SIDE  0 


Et(t  +  h  f 

TRESS  PARALLEL  TO  PANEL  SIDE  a 


FIGURE  36  PARAMETER  FOR  S 


.6 


FIGURE  312  STRESS  NOMOGRAPH 


Sirw*  MN/m 


I 


APPENDIX  3A 
COMPUTER  PROGRAM 
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3A.1  General  Notes 

The  first  few  natural  frequencies  and  r.m.s.  skin  stresses  of  a  singly  curved 
sandwich  panel  may  be  found  using  this  computer  program*  The  assumptions  given  in 
paragraph  3*2  are  applicable  to  the  program* 

A  listing  of  instructions  for  two  subprograms  is  given  in  FORTRAN  IV  programming 
language.  A  main  program  is  required  to  read  in  data  and  print  out  calculated  values 
of  natural  frequency  and  r.m*s*  skin  stress.  A  listing  of  instructions  for  this 
program  is  not  given  as  the  Instructions  required  are  dependent  on  the  particular 
computer  used.  The  requirement  for  the  main  program  are  given  in  the  fora  of  a  flow 
chart  Figure  3A.1  and  details  of  the  sub-programs  are  given  below. 

The  main  program  must  include  the  COMMON  statement  which  is  written  in  both  the 
frequency  and  stress  sub-programs. 

When  run  on.  a  CDC  6600  computer,  with  suitable  main  program  to  read  in  data  and 
print  out  frequencies  and  stresses,  16K  store  was  used  and  the  execution  time  for  six 
sets  of  panel  data  was  less  than  one  second. 

3A.2  Frequency  Sub-Program 

This  sub-program  solves  for  all  natural  frsquenciea  where  there  are  not  more  than 
three  half-waves  in  either  direction  across  the  panel.  The  panel  edges  are  assumed  to 
be  4implyrSupported. 

The  panel  frequency  data  to  be  input  for  each  panel  considered  are  values  for  the 
variables  listed  in  Table  3A.1. 

TABLE  3A.1 


VARIABLE  VARIABLE  NAME  VARIABLE  VARIABLE  NAME 


For  flat  panels  input  dummy  negative  value  for  R  . 

Any  coherent  set  of  units  in  which  time  is  expressed  in  seconds  may  be  used,  the 
frequencies  being  obtained  in  Hz. 

On  returning  to  the  main  program  from  the  frequency  sub-program  the  natural 
frequencies  of  the  panel  are  stored  in  ARRAY  F  as  shown  in  Table  3A.2.  In  this  table 
m  is  the  number  of  half  waves  across  the  panel  in  the  direction  parallel  to  the  side 
of  length  a,  and  n  is  the  number  of  half  waves  across  the  panel  in  the  direction 
parallel  to  the  aide  of  length  b. 

i 

TABLE  3A.2 


F(l,l) 

F(2,l) 

F(3,l) 


2 

3 

F(l,2) 

F(l,3) 

F(2,2) 

F(2,3) 

F(3,2) 

F(3.3) 
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3A«3  Strega  Sub-Program 

Thle  sub-program  solves  for  the  r.m.s.  face-plate  stresses  at  the  centre  of  a 
sandwich  panels  The  panel  edges  are  assumed  to  be  simply-supported. 

The  panel  stress  data  to  be  input  for  each  stress  case  considered  are  values  for 
the  variables  listed  in  Table  3A.3> 


TABLE  3 A. 3 


VARIABLE 

VARIABLE  NAME 

6 

&PL 

DELTA 

In  this  sub-program  the  r.m.s.  fluctuating  pressure  equivalent  to  Lp>(f)  A* 

2 

computed.  The  units  of  this  pressure  in  the  sub-program  are  N/m  •  If  British  units 

2 

are  used  this  pressure  must  be  calculated  in  units  of  Ibf/in  •  To  obtain  this  pressure 
in  British  units  the  statement  against  label  110  should  be  replaced  by 

X2  ■  10.0  «•  (SPL/20.0  -  8.53749). 

On  returning  to  the  main  program  from  the  stress  sub-program  the  r.m.s.  face¬ 
plate  stresses  are  stored  in  ARRAY  STR  as  shown  in  Table  3A.4 

TABLE  3A.4 


—INE  F0H  SANDWICH  PANEL  FREQUENCIES  (ALL  EDGES  SIMPLY-SOPPOBTeM 
SUBROUTINE  FREQ 

pKooAfB,E,GA,GB’R'T,P(3,3),RHOF,rhoc,spl,delta,str(2'3^h 

C 

C  CALCULATE  SANDWlci!  PANEL  NATURAL  FREQUENCIES 

c 

DO  101  N-1,3 
DO  101  M«l,3 

*/*( (  /  ,* °"POT,# t *>/(  15 • 5°3*®»T* l T+H) #* 2 ) /M*#2 

<*•<>*  (x.»/(».b)  ,  ..*^,0^™- 

IF(R)l02,102,103 

c 

C  CALCULATE  CURVATURE  FACTOR 

102  THETA-SQRT(X) 

RETURN 

END 

SUBROUTINE  FOR  SANDWICH  PANEL  FACE-PLATE  R.M.S.  simmm 
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SUBROUTINE  STRESS 

PNlS!o%A,B,E,GA,OB’K’T'F(3,3)>RHOr'RHOC'SPL*DKLTA»sTR(2,3),H 

C 

C  CALCULATE  RMS  STRESS 
C 

iSJ'SA/B*<1-°*p”,')>**2-U-0*u/b)“2*1-o-p»“)«(x.o.(a/b)..2.u.o- 

^5/TOsas:[j(£ 

XK2A-.2.°.3.14159»*3/XF2.(XK3+PNU;VB*x]L,  }  3  4  59  3) 

»2?ri;o/^,1i1?9##3/XF2*‘pw*xK3WB*xK4 
XI- (&. 019/delta) «*0. 3 

110  X2-10.0**(SPL/20. 0-4. 69897) 

XKl- ( A/B) **  2* ( 1 . O+PNU ) -PNU* ( 2 . 0* ( A/B) *#  2+ 1 . O-PVTI  \ 

W *  °/XF1#XKl+PNU-2 . 0/XFl*XK2* PNU*a/B 

if?  b  A//B+ 1  *  °”2  *  0/'XF1*XKl*  PNU 

11>IKJ111,111,U2 

111  Xl-0.0 


GO  TO  113 

112  Xl-A/R 

113  X2-i 

(H/2 

•0+T)/A 

STRl 

x.i: 

)«X*ABS( 

STRI 

2,1 

>=X*ABS( 

STR! 

1,2 

1  =X*ABS( 

STR| 

2,2 

l»X*ABS( 

STR| 

!,  3) 

1  «SQRT( ( 

STR  ( 

,2,3) 

'  »SQRT( ( 

RETURN 

END 

FIGURE  3A.I  COMPUTER  PROGRAM  FLOW  CHART 


